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Analysis
• NIST-traceable 
standards
• GC-FID
• GC-MS
• Cryotrapping
• Calibrated P/T 
devices
• Heated lines
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Introduction
• “Determination of Offgassed Products (Test 7)” was 
historically examined back to the earliest record found in 
1966. 
• This was for the Apollo non-metals qualification program.
• Test 7 determines the identity and quantity of volatile 
offgassed products from materials and assembled articles 
intended for use in space vehicles, specified test facilities, and 
contractually specified Ground Support Equipment (GSE).
• We examined nineteen earlier versions of Test 7 spanning 53 
years and four related international standards.
• We also examined related NASA standard tests including:
– Test 6 (Odor Assessment), 
– Test 16 (Determination of Offgassed Products from Assembled 
Articles (now deleted), and 
– Test 12 (Total Spacecraft Cabin Offgassing (now deleted).
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Fundamentals of the current Test 7
• NASA-STD-6001B* Flammability, Offgassing, and 
Compatibility Requirements and Test Procedures: 
Determination of Offgassed Products (Test 7).
• A material or assembled article is prepared, weighed, and 
loaded into a certified-clean container of known free volume. 
– Free volume is the volume of the container minus the volume of the 
material or assembled article.
• The container is filled with an atmosphere comprised of 20.9 
±2 % by volume oxygen in either nitrogen or argon at a test 
facility ambient test pressure, sealed, and thermally 
conditioned for 72 (±1) hr. at 50 (±3) °C (122 (±5) °F).
– Batteries or assembled articles containing batteries should 
be tested in an inert atmosphere to reduce the risk of 
generating an explosive gas mixture. 
7
*Adopts ISO 14624-3:2005, Space Systems — Safety and Compatibility of materials — Part 3: 
Determination of Offgassed Products from Materials and Assembled Articles, with a number of 
additions, exceptions, and clarifications for NASA use. 
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Fundamentals of the current Test 7
• After the thermal conditioning, typically in a chamber, the 
atmosphere inside the specimen container is analyzed for 
offgassed compounds.
• Gas chromatography mass spectrometry (GC-MS), GC with 
flame ionization detector (GC-FID) for quantifying organics 
and a methanizer for CO, GC-TCD for hydrogen, and GC-
FTIR have been employed
• The overall Toxic Hazard Index (T) is determined using the 
Spacecraft Maximum Allowable Concentration (SMAC) for 
each offgassed compound. 
• The T of each material or assembled article determines the 
quantity of each material or the number of assembled articles 
that can be flown concurrently.
• For a material or assembled article, the T values for all volatile 
offgassed products shall be less than 0.5.
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A chronology of relevant documents:
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MSC-A-D-66-3  Procedures and Requirements for the 
Evaluation of Apollo Crew Bay Materials.
May 13, 1966
ASPO-RQTD-D67-
5A 
Apollo Spacecraft Program Office 
Nonmetallic Materials Selection Guidelines
May 3, 1967
MSC-A-D-66-3 
Revision A  
Procedures and Requirements for the 
Evaluation of Spacecraft Nonmetallic 
Materials
June 5, 1967
MSC-PA-D-67-13 Apollo Spacecraft Nonmetallic Materials 
Requirements
February 9, 
1968
D-NA-0002 Procedures and Requirements for the 
Flammability and Offgas Evaluation of 
Manned Spacecraft Nonmetallic Materials
July 18, 1968
MSC = Manned Spacecraft Center (later Lyndon B. Johnson Space Center (JSC))
MSFC = Marshall Space Flight Center
Some MSC and MSFC documents were equivalent
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A chronology of relevant documents
MSFC-SPEC-101 (Specification) Flammability Requirements 
and Test Procedures for Materials in 
Gaseous Oxygen Environments
August 20, 
1968
MSC-PA-D-67-13 
Memorandum
Addendum No. 1, MSC-PA-D-67-13 November 7, 
1969
MSFC-SPEC-
101A
(Specification) Flammability, Odor, and 
Toxicity  Requirements and Test 
Procedures for Materials in Gaseous 
Oxygen Environments
January 12, 
1970
NASA-TM-79493 Flammability, Odor, and Offgassing 
Requirements and Test Procedures for 
Materials in Environments which Support 
Combustion (Draft Copy)
December 
1970
MSFC-SPEC-
101B
(Specification) Flammability, Odor, and 
Offgassing Requirements and Test 
Procedures for Materials in Environments 
which Support Combustion.
March 15, 
1971
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A chronology of relevant documents
NHB 8060.1  Flammability, Odor, and Offgassing 
Requirements and Test Procedures for 
Materials in Environments that Support 
Combustion
November 1971
NHB 8060.1A Flammability, Odor, and Offgassing 
Requirements and Test Procedures for 
Materials in Environments that Support 
Combustion
February 1974
NHB 8060.1B Flammability, Odor, and Offgassing 
Requirements and Test Procedures for 
Materials in Environments that Support 
Combustion
September 
1981
NHB 8060.1C Flammability, Odor, Offgassing, and 
Compatibility Requirements and Test 
Procedures for Materials in Environments that 
Support Combustion
April 2, 1991
NASA-STD-6001 Flammability, Odor, Offgassing, and 
Compatibility Requirements and Test 
Procedures for Materials in Environments that 
Support Combustion – (Previously Published 
as NHB 8060.1C)
February 9, 
1998
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A chronology of relevant documents
NASA-STD-(I)-
6001A 
Flammability, Offgassing, and 
Compatibility Requirements and Test 
Procedures
April 21, 2008
NASA-STD-(I)-
6001B
Flammability, Offgassing, and 
Compatibility Requirements and Test 
Procedures
November 
10, 2009
NASA-STD-
6001B
Flammability, Offgassing, and 
Compatibility Requirements and Test 
Procedures
August 26, 
2011
NASA-STD-
6001B w/Change 
2: 
Administrative/E
ditorial Changes 
Flammability, Offgassing, and 
Compatibility Requirements and Test 
Procedures
April 21, 2016
NASA-STD-
6001C
In development Not yet 
published
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Test 7 spanning 50 years
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Parameter MSC-A-D-66-3 A (1967) NASA-STD-6001B (2016)
Sample Nonmetallic material Materials or assembled articles
Atmosphere Oxygen Air or as specified
Conditions •Test container ≥2L
•155 (±5) °F (68 (± 3) °C)) 
for 72 hr.
•Test container size not specified
•50 (±3) °C (122 (±5) °F) for 72 
(±1) hr.
Test system Sample container with 
room-temperature
condenser and 
temperature/heating 
control, and analytical 
instrumentation
Sample container, test chamber 
with controlled temperature, and 
analytical instrumentation
Analytes Gas phase and 
condensed-phase 
organics, inorganics, and 
carbon monoxide 
Gas phase target compounds
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Test 7 spanning 50 years (cont.)
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Parameter MSC-A-D-66-3 A (1967) NASA-STD-6001B (2016)
Instrumentation GC-FID, GC-TCD, GC-MS, infrared 
spectroscopy (IR)
Recommended are GC-FID, GC-
MS, and IR. Special
methods as required such as 
formaldehyde by 2,4-
dinitrophenylhydrazine/HPLC.
Reporting •CO ppm/g based on test chamber 
volume and spacecraft volume.
•TO ppm/g based both on the test 
chamber volume and the 
spacecraft volume as methane 
equivalents.
•Identity of organics. greater than 
10 ppm.
•Weight loss, percent.
•Rate of outgassing for TO in ppm 
for 8, 24, 48, and 72 hours.
•Amount and type of condensate in 
traps.
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Test 7 spanning 50 years (cont.)
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Parameter MSC-A-D-66-3 A (1967) NASA-STD-6001B (2016)
Criteria for 
acceptability
A material which does not 
offgas organic compounds 
under the test conditions 
may be used freely in the 
spacecraft crew bay area:
•The maximum allowable 
TO in the as configured 
spacecraft shall not exceed 
100 ppm at 14.7 psia or 
300 ppm at 5.0 psia.
•The maximum allowable 
level of CO in the as 
configured spacecraft shall 
not exceed 25 ppm at 14.7 
psia or 75 ppm at 5.0 psia
T values for all volatile offgassed 
products shall be less than 0.5.
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Highlights of history
• Apollo-era procedures (1967) used the same oxygen atmosphere in the test 
container as the spacecraft.
• Conditioning was at 95 percent pure oxygen at 5.0 ±0.1 psia and 155 ±5 °F 
for 72 hr. 
• Current tests use atmospheres specified by the program. 
• Only TO and CO had pass/fail criteria, as in MSC-A-D-66-3 Revision A 
(1967):
– The maximum allowable concentration (MAC) of total organics in the as-
configured spacecraft shall not exceed 100 ppm at 14.7 psia or 300 
ppm at 5.0 psia
– The MAC of carbon monoxide in the as-configured spacecraft shall not 
exceed 25 ppm at 14.7 psia or 75 ppm at 5.0 psia.
• Criteria for acceptability are based on a T value = (mg/m3/SMAC in mg/m3) ; 
T ≤ 0.5
• Gas chromatography (GC) with FID, mass spectrometry (MS), and infrared 
spectrometry (IR) were commonly called out for analysis. 
• These techniques are still in use today, but capable of higher performance 
and lower detection limits (high-resolution GC-MS with cryotrapping, and 
FTIR).
• TO reported over the years as either methane or pentane equivalents. 16
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Highlights of history
• D-NA-000210, Procedures and Requirements for the 
Flammability and Offgas Evaluation of Manned Spacecraft 
Nonmetallic Materials (July 18, 1968) reversed test numbers 
for Offgassing and Odor:
– Test No. 6 was “Determination of Organic Offgassing Products and 
Carbon Monoxide”
– Test No. 7 was “Odor Test”. 
• Conditions for offgassing were 155° ±5 °F (68 (± 3) °C) for a 
total period of 72 hr. 
• TO were expressed as methane equivalents. 
• Target components exceeding 10 µg/g included but were not 
limited to hydrocyanic acid, benzene, xylene, methyl ethyl 
ketone, chloroform, n-butanol, dichloromethane, 1,4-dioxane, 
formaldehyde, trichloroethylene, hydrochloric acid, ammonia, 
hydrofluoric acid, carbonyl fluoride and silicon tetrafluoride.
• Condensates collected in a cold trap could be recovered as 
gas and analyzed and reported. 17
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Highlights of history
• The analysis of condensates collected in a cold trap continued 
through many versions of Test 7
• NHB 8060.1 Flammability, Odor, and Offgassing 
Requirements and Test Procedures for Materials in 
Environments that Support Combustion (November 1971) 
Test 7 established criteria with respect to production of 
offgassing of potentially toxic or objectionable and 
condensable volatiles. 
• Volatiles were separated into three categories: carbon 
monoxide, total offgassing, and observable condensates.
• The criteria for acceptability of a material were a MAC of total 
organics, excluding water, not exceeding 100 µg/g, and the 
MAC of CO not exceeding 25 µg/g. 
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Highlights of history - condensates
• NHB 8060.1A (February 1974) Test No. 7 “Determination of 
Offgassing Products and Carbon Monoxide Test.” This NASA 
handbook provided definitions:
• Offgassing: The evolution of gaseous products from a liquid 
or solid material.
• Condensables: The portions of offgassed products which 
condense on a cooled surface.
• Total Organic Offgassing: The total of the organic gaseous 
and condensed products which offgassed from a material. 
This does not include carbon monoxide or carbon dioxide.
• Total Inorganic Offgassing: The total of the inorganic 
gaseous products and condensed products which offgassed 
from a material.
• Note the attention given to condensed products in this test; 
the current Test 7 does not analyze condensed products
19
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Highlights of history - condensates
• From its onset Test 7 procedures incorporated 
condensates/condensables and their analysis and reporting. 
• Condensed phase offgassed products as analytes in Test 7 
appeared to reach maximum attention in NHB 8060.1A (1974), 
where “Condensables (organic and inorganic) shall be determined 
at room temperature. The condensed products shall be flushed from 
the test cell by solvent rinse or an equivalent method.” 
• Analysis and characterization of condensed products were phased 
out of Test 7 in subsequent revisions of NHB 8060.1 and NASA-
STD-6001. 
• Determination of volatile condensable products is performed 
independent of Test 7 in accordance with NASA SP-R-0022, 
Vacuum Stability Requirements of Polymeric Material for Spacecraft 
Application, or ASTM E595, Standard Test Method for Total Mass 
Loss and Collected Volatile Condensable Materials from Outgassing 
in a Vacuum Environment. 20
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Simulated use tests
• Test 7 may be performed while the material or assemble 
article’s use is simulated. Generally, a material or assembled 
article is placed in a test container, which may be a glove box 
or bell jar equipped with feed-throughs and plumbed to 
sample the atmosphere or interface with to analytical 
instrumentation. 
• The material or assembled article is then activated in a 
manner and duration simulating its use.
• The test atmosphere is sampled and analyzed. 
• Examples of simulated use tests include:  
– Operation of a printer and a copy machine, 
– Cleaning and painting operations,
– Application of ink from drawing devices,
– Mixing epoxies
– Opening a bag containing an emergency escape mask
– Operating a 3D printer, and
– Electrically overloading computers to ignition 21
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Related tests
• Test 6 (Odor Assessment): Determines if the odor from a 
material or assembled article is objectionable or revolting.
• “Odor and Carbon Monoxide” began with ASPO-RQTD-
D67-5A (May 3, 1967), Apollo Spacecraft Program Office 
Nonmetallic Materials Selection Guidelines. 
• If the “Odor and Carbon Monoxide” material passed CO 
(˂25 ppm) as specified in MSC-A-D-66-3.A, Procedures 
and Requirements for the Evaluation of Spacecraft 
Nonmetallic Materials (June 5, 1967), the test progressed 
to odor assessment and then to TO. 
• “Odor and Carbon Monoxide” later became Test 6 (Odor 
Test) and CO was integrated into Test 7 (Determination of 
Carbon Monoxide and Total Organics)
• The test numbers did not change, so this is why Test 6 
numerically precedes Test 7 – it used to be done first!
• Now Test 6 (Odor Assessment) is a supplementary test. 22
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Related tests
• Test 16 (Determination of Offgassed Products from 
Assembled Articles): Determined suitability of 
assembled articles for use in space vehicle crew 
compartment environments with respect to toxic volatile 
offgassed products.
• Made a single appearance in NHB 8060.1B (1981), after 
which it was combined with Test 7. 
– Performed similar to Test 7.
– An assembled article was defined as any component “black 
box”, or assembly of components which represents the article to 
be used in a spacecraft. 
– The quantity of each offgassed product of an assembled article 
shall not have resulted in a projected spacecraft concentration in 
excess of the MAC value for that product. 23
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Related tests
• Test 12 (Total Spacecraft Cabin Offgassing): Determined contaminants 
offgassed in areas of spacecraft where the crew will breathe the atmosphere. 
Results were used in the toxicological assessment of the spacecraft.
• Grab samples in cylinders are taken while:
– Hatch is closed.
– All possible heat-producing equipment is powered on.
– Crew may or may not be present.
– The Environmental Control and Life Support System (ECLSS) is operated if requested
• Test results along with other sources of contaminants and other 
available data are evaluated against the performance of the ECLSS
• A chronology of Test 12 appearances in the NASA standard test documentation 
reviewed is as follows:
– NHB 8060.1 Test No. 12 - Guidelines for Total Spacecraft Offgassing Test 
(1971)
– NHB 8060.1.A Test No. 12 - Guidelines for Total Spacecraft Offgassing Test 
(1974)
– NHB 8060.1.B Test 12 - Total Spacecraft Cabin Offgassing Test *1981)
– NHB 8060.1.C Total Spacecraft Offgassing (Test 12) (1991)
– NASA-STD-6001 Total Spacecraft Offgassing (Test 12) (1998)
– NASA-STD-(I)-6001A Total Spacecraft Offgassing (Test 12) (2008) Deleted.
24
NASA White Sands Test Facility
Related international standards
• European Space Agency (ESA):  ESA-PSS-01-729-ISSUE-1, 
The Determination of Offgassing Products from Materials and 
Assembled Articles to be used in a Manned Space Vehicle 
Crew Compartment (1989). Superseded by ECSS-Q-70-29.
• European Cooperation for Space Standardization:  ECSS-Q-
ST-70-29C, Space Product Assurance - Determination of 
Offgassing Products from Materials and Assembled Articles to 
be used in a Manned Space Vehicle Crew Compartment 
(2008).
• International Organization for Standardization:  ISO 14624-3, 
Space Systems — Safety and Compatibility of Materials —
Part 3: Determination of Offgassed Products from Materials 
and Assembled Articles (2005). 
• British Standards Institute:  BSI BS ISO 14624-3  - Space 
Systems - Safety and Compatibility of Materials - Part 3: 
Determination of Offgassed Products from Materials and 
Assembled Articles (2006). Verbatim with ISO 14624-3 
(2005). 25
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Conclusions
• NASA Test 7 is a critical materials and processes test for qualifying materials 
and assemble articles for crewed spaceflight in closed environments.
– It has also been applied to other enclosed environments such as 
submarines
• NASA Test 7 standard test protocols appeared to originate with the Apollo 
program in 1966 and progressed throughout Skylab, the Space Shuttle 
Program, and International Space Station to the present.
• The test evolved in a number of ways; Apollo-era tests were conducted in 
oxygen and current tests are performed in air or atmospheres specified by a 
program. Collection and analysis of condensates moved to other methods.
• Analytical instrumentation is basically the same because GC, GC-MS, and IR 
were all available in 1966 as they are now, but increasing sophistication now 
enables greater sensitivity and ability to detect and quantify offgassed 
compounds. 
• Based on history, the authors do not foresee reinstatement of historical 
methods.
• Continuation of standard test conditions and continuous improvement in 
instruments and applications will enable analysts to identify and quantitate lower 
concentrations of toxicologically important compounds.
26
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Backup slides
NASA White Sands Test Facility
Applying Test 7 data now
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• NASA generates a toxic rating (T value/T100lb) from the offgassed 
quantities, vehicle volume and SMAC
– SMAC is NASA’s conservative TLV extrapolated for continuous 
exposure in spacecraft
• T Value is used as a rule of thumb for identifying poorly performing 
materials and limiting quantity of use
– M&P requires a T value <0.5 for materials end-use total
– T 100 is scaled for 100 pounds of material
– T Value is direct calculation per assembled article
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Applying Test 7 data now
• Material/Article weight limited based on 0.5 toxic rating rule of 
thumb
• > 0.5 toxic rating requires special approval and control
Material Maximum Limit Weight 
MLWlb = (0.5 /T100lb) × 100 lb
Article Maximum number allowed 
MLArticle= 0.5/T
29
